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Outline of this talk Lok Alamos
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B Review of theory and experiment on Casimir
atom-surface interactions

B Casimir-Polder forces within scattering theory

B Cold atoms for probing geometry effects on CP forces

B Localization of matter waves induced by disordered CP
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The Casimir-Polder force . Los Alamos

B vdVW - CP interaction Casimir and Polder (1948)

The interaction energy between a ground-state atom ‘
and a surface is given by

R4
R [XdE ., |
UCP(RA) = 6260 ; 2ﬂ_§ Oé(?,f) Tr G(RA,RA,Zf) /-\_//k_\
. L e 2 wio|dok|
Atomic polarizability: a(w) = lﬂ% 37 2= — e
2
Scattering Green tensor: (V x V X —i—Qe(r,w)) G(r,r,w) =6(r — ')
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The Casimir-Polder force . Los Alamos

B vdVW - CP interaction Casimir and Polder (1948)
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® Eg: Ground-state atom near planar surface @ T=0

Non-retarded (vdW) limit z4 < A4 Retarded (CP) limit za > A4
b1 [7dg (i) — 1 ~ 3hea(0) 1 e —1
Uvaw(z4) = 8meo 25 Jo ZWQ(Zf) e(i€) + 1 Ucr(za) = = 8 2% e+ 1¢<€0)
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Modern CP experiments (o

B Deflection of atoms B Classical/quantum reflection
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CP within scattering theory
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CP within scattering theory - Los Alamos
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Input and output fields related via reflection operators
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Casimir-Polder force:
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with k = \/¢2/c2 + k2 and R, (k. k') dependent on material properties at freq. ¢
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Specular/non specular scattering - io:aamos

In order to treat a general rough or |

corrugated surface, we make a

I
perturbative expansion in powers of h(x,y) 1h(x,y)

|
0 Specular reflection: |

e RO, ) = (205 (= K) 8y 1,0 €) |

Fresnel coefficients 71 = :;:Z rTM = Egzg: :L :Z (ke = Ve(i€)€2 ) c® + k2)

0 Non-specular reflection:

‘ k,p| RV, p") = R, (k. X') H(k — k') ‘4— Fourier transform of h(x,y)

/

The non-specular reflection matrices depend on the geometry and material properties.
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Probing geometry effects
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Probing geometry effects

.
» Los Alamos

Fr
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® Normal CP force:

@ Lateral CP force:

Response function g:

Ucp = Usp(24) + USP (24, 2.4)

h
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BEC as a “cantilever” . Los Alamos

@ In order to measure the lateral component U{})(z, ) , a cigar-shaped BEC could
be trapped parallel to the corrugation lines, and the lateral dipolar oscillation
measured as a function of time

@ Mean field BEC dynamics given by the Gross-Pitaevskii
equation for the condensate wave-function ¢
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ihdyp = —(h2/2m)V3p+ [Uy

Dalvit et al (PRL 2008)
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BEC Bragg spectroscopy - Los Alamos

Q@ The CP interaction also modifies the
Bogoliubov spectrum of quantum fluctuations

E(q) = EB(q) + 6Ecp(q)

Eg(q) = v/ (h2q?/2m)(h2q? /2m + 2[u)

CP opens energy gaps

Q@ Two-photon Bragg spectroscopy to measure the
dynamic structure factor, and hence the spectrum

dPx ) , y ,]—‘.'-'
A T e ; k) sinfrke %) —LK/\/\/\/\/\/\/\/\/\) 1 h
NhqV3 sin(w — w')t 2CM sty f
+ 2q £ /dw/[S(q,w/) — S(—q, _w/)] C(u o ) ‘ — v
e — 4{ )o
“k Kk F
(1, W) 2. &
£ | Nh*q¢* _ s : ol
S(q,w) = d(hw — Eg(q)) |
\1, @) 2mEg(q) : B\9/) : |
S — S+ 06Scp(q,w) Moreno et al (NJP 2009)
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Localization of matter waves (L5} Alames

SEDEATOEY

Q@ Waves propagating in disordered potentials undergo multiple scattering processes
that strongly affect their usual diffusive transport and can result in localized states.

@ Recently localization of a | D BEC has been observed: in a speckle potential (Aspect
group, 2008) and in a bi-chromatic optical potential (Inguscio group, 2008)
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CP for rough surface . Lok Alamos
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BEC dynamics + weak disorder . ioaamos

2
@ GP equation ih ()t):(l f" - = ‘), ()f,:ll ” + L’YL (l ,gl(’)(f) ,C(l f"
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=—O(—t) p(z,t) + gest (. t) 2¢(z, t), (3)

Q@ Weak disorder: Vgr(z0) < i VE(20) = (Ur(z,20) — UL(z,20))?

short-times: interactions dominant, disorder negligible

large-times: disorder dominant, interactions negligible
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CP disorder correlation Lok
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FIG. 2: ~(k) vs. k€ from Eq.(6). The atom-surface distance
is 2o = 1.5um. Inset: same data in Log-Lin scale, the maxi-
mum length scale to be measured L. = 1mm. and the value
k* = f-_l (1/L max) separating localized (Loc.) from delocal-
ized (Deloc.) modes.
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CP-induced localization . Lok Alames
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FIG. 3: BEC density (arbitrary units) vs. position. Both
the perturbative theory described by Eqs.(4,5.6) (solid) and
the full numerical simulation (dots) are computed using the
first order approximation for the CP potential at zo = 1.5um.
The surface profile is averaged over 40 realizations. Time

corresponds to w,t = 28,

N = 100 8"Rb atoms
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FIG. 4: BEC density (arbitrary units) vs. position, after
wet = 14. The lm)ti]t' is averaged over 40 realizations at a
distance of zg = 1.0pm. Numerical simulation (dots) includes
both the first and second order terms of the lateral CP poten-
tial U (x, z). The wing is fitted by a power law n(zr) < 1/2"
with v = 1.84 (solid). Inset: zoom of the numerical data in
Log-Lin scale.

h; € [0,200]nm

o = 0.25um (i.e., radial trapping frequency w, = 27 x 286Hz) 0; € [0,2nx].

Ltr = 35um (l.e., w, = 27 x 2.75Hz)

£ = 0.85um.

Ai € [1,20]pm

Wednesday, May 9, 2012




